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Abstract

Background—Limited data exist, particularly from the more generalizable perspective of a
community-wide investigation, about recent trends in ambulance use, and factors associated with
ambulance use, in patients hospitalized with acute myocardial infarction.

Objective—The objectives of this population-based prospective epidemiologic study were to
describe decade long trends (1997-2007) in the use of emergency medical services (EMS) by
residents of the Worcester, Massachusetts, metropolitan area hospitalized for acute myocardial
infarction (AMI) and to describe the characteristics of patients with AMI transported to the
hospital by EMS (n=3,789) compared with those transported by other means (n=1,505).

Methods—The study population consisted of 5,294 patients hospitalized for AMI at 11 greater
Worcester medical centers in 5 annual periods between 1997 and 2007. Information about the use
of EMS, and factors associated with EMS use, were obtained through the review of hospital
medical records.

Results—There was a progressive increase in the proportion of greater Worcester residents with
AMI transported to central Massachusetts hospitals by ambulance over time (66.9% transported in
1997; 74.9% transported in 2007). Patients transported by EMS were older, more likely to be
women, and to have a greater prevalence of previously diagnosed comorbidities.

Conclusions—Our findings provide encouragement for the use of EMS in residents of a large
central New England community hospitalized with AMI. Despite increasing trends in ambulance
use, more research is needed to explore the reasons why patients with AMI do not utilize EMS in
the setting of an acute cardiac emergency.
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Introduction

Methods

Despite encouraging ongoing national declines in the death rates due to coronary heart
disease (1,2), acute myocardial infarction (AMI) remains a leading cause of morbidity and
mortality in American men and women. A fundamental principle in treating patients with an
evolving AMI is that “time is tissue”. Indeed, the faster a patient who is experiencing
symptoms of AMI can present to an acute care facility, be accurately diagnosed and early
evidence-based therapy instituted, and transferred if necessary for more definitive care, the
better their short-term outcomes (3-5). The optimal treatment of persons with symptoms of
AMI requires two major steps in the pre-hospital setting. First, patients need to recognize
their symptoms as an emergency and activate emergency medical services (EMS). Second,
EMS personnel must then expediently transport the patient to the nearest appropriate health
care facility.

Several studies have investigated the use of EMS in the management of patients hospitalized
with AMI, including the transmission of pre-hospital electrocardiograms, bypassing patients
to PCl-capable hospitals, and the early activation of cardiac catheterization centers (5-7).
Ambulance transport is the recommended means of hospital transport by the American
Heart Association/American College of Cardiology for patients with an evolving AMI (8).
However, few studies, particularly during recent periods and from the more generalizable
perspective of a community-based investigation, have examined trends in the extent of use
and characteristics of patients with AMI who are transported by ambulance compared to
persons transported to the hospital by other means.

The purpose of this longitudinal study was to describe the overall utilization of, and decade
long trends in, EMS by residents of central Massachusetts hospitalized for AMI at all
metropolitan Worcester (MA) medical centers in 5 study years between 1997 and 2007. A
secondary study goal was to describe the characteristics of patients transported to greater
Worcester medical centers by EMS compared with those who used other means of
transportation. The present study extends our previous investigation which examined trends
in the use of EMS by residents of the Worcester metropolitan area between 1997 and 2003
(9). Since the early diagnosis and treatment with coronary reperfusion therapy is particularly
relevant for patients with ST-segment-elevation M1 (STEMI) (10,11), we further examined
trends in our principal study endpoints, namely EMS use, and factors associated with EMS
use, in this subgroup of patients which was not done in our earlier report (9). Furthermore,
we collected information in the present study about the use of pre-hospital ECG's and
treatments administered during EMS transport. Data from the Worcester Heart Attack Study
were utilized for this investigation (12,13).

Patient Population Characteristics

The Worcester Heart Attack Study is an ongoing population-based longitudinal investigation
which is examining long-term trends in the descriptive epidemiology of AMI in residents of
the Worcester (MA) metropolitan area (2000 census = 478,000) who were hospitalized with
a discharge diagnosis of AMI and other coronary disease rubrics at all central Massachusetts
medical centers (12,13). Greater Worcester residents hospitalized with AMI at all
metropolitan Worcester medical centers on a biennial basis beginning in 1997 comprised the
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population of this report. The periods under study were selected due to the availability of
grant funding and for purposes of examining trends in incidence and case-fatality rates of
AMI over an alternating yearly basis. All 11 hospitals in the Worcester metropolitan area
participated in this community-wide study. Of these hospitals, 3 were tertiary care medical
centers. Human subject approval for this study was obtained from the Committee for the
Protection of Human Subjects at the University of Massachusetts Medical School.

The details of this study have been described elsewhere (11,12). In brief, the medical records
of residents of the Worcester metropolitan area who had been hospitalized for possible AMI,
based on the review of several International Classification of Diseases (ICD) rubrics in
which AMI may have occurred, were individually reviewed and validated according to pre-
defined diagnostic criteria by trained study physicians and nurses. These diagnostic rubrics
included ICD-9 codes for AMI (410), angina (411), chronic CHD (412-414), and acute chest
pain (786.5). A standardized working definition of STEMI was utilized in this investigation
to classify this subgroup of patients (14). This diagnosis was made when new ST-segment
elevation was present at the J point in 2 or more contiguous leads. Cases of peri-operative-
associated AMI, patients who developed an AMI during hospitalization for another
admission were not included in this investigation.

Data Collection

Socio-demographic, medical history, and clinical data were abstracted from the emergency
department logs and hospital medical records of eligible patients with AMI by trained study
physicians and nurses in whom ongoing quality control checks were routinely performed.
Information was collected about a number of key independent variables which may be
associated with EMS use. These factors included patient's age, sex, race, year of
hospitalization, length of hospital stay, acute symptoms at the time of hospital admission,
history of several previously diagnosed comorbidities (e.g., prior diabetes, stroke, heart
failure), do not resuscitate (DNR) status, AMI type (STEMI versus Non-STEMI) (14), AMI
order (initial episode vs. prior history of MI), and laboratory (e.g., serum glucose values)
and physiologic (e.g., baseline blood pressure) findings. Information was collected about the
prescribing of different cardiac medications and receipt of coronary interventional
procedures. Information was also collected about hospital door to reperfusion time (e.g.,
receipt of PCI) in patients with an STEMI.

Data Analysis

The statistical significance of decade long trends (1997-2007) in the use of EMS in our
study population was examined through the use of chi-square tests for trend. Differences in
the distribution of demographic, medical history, and clinical factors in patients with AMI
who were transported by EMS, as compared to those who were transported by other means,
were examined using chi square and t tests for discrete and continuous variables,
respectively.

A logistic multivariable regression analysis was used to examine factors associated with the
utilization of EMS in our study population. The factors included in this analysis, in which
the dependent variable was use of EMS, were demographic (e.g., age, sex), clinical (e.g.,
prior comorbidities, AMI order and type), physiologic (e.g., blood pressure findings), and
situational (e.g., weekend vs. weekday, time of day or evening) factors. These potential
predictor variables were included in our regression models either because they differed
between patients transported by EMS as compared to those transported by other means at a p
value of <0.20 or because they have been previously shown to be of importance in the
prognosis of patients hospitalized with AMI. We also carried out a similar logistic
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regression analysis in which we examined clinical and demographic factors associated with
the utilization of EMS in patients with STEMI.

Results

Study Population Characteristics

During the decade long period under study, a total of 5,294 residents of the Worcester
metropolitan area were hospitalized for independently confirmed AMI. Of these, 1,870
(35.3%) experienced an STEMI. The average age of hospitalized patients was 72 years, 55%
were male, and the majority were white (Table I). In the overall study population, 72%
(3,789/5,294) utilized EMS for transport to the hospital during the 6 years under study; the
overall utilization of EMS by patients with an STEMI was essentially similar (71%)
(1,325/1,870).

Trends in EMS Use

The proportion of all patients with AMI transported by ambulance exhibited a progressive
increase over time (Figure 1; p for trend <0.01); the lowest proportion of EMS transports
was observed in the earliest study year (67% (607/908) in 1997), whereas the highest
utilization rates were observed during the most recent year under study (75% (563/752) in
2007). Since EMS activation is particularly relevant for patients with STEMI, we examined
trends in the use of EMS by greater Worcester residents hospitalized with an STEMI during
the years under study (Figure 1); trends similar to those noted in the overall study population
were observed. Among these patients, 66% (261/396) called for an ambulance in 1997, 72%
in 2003 (219/303), and 78% (167/213) in 2007 (p for trend <0.01).

Characteristics of patients hospitalized with AMI according to EMS use

Patients who utilized EMS transport (n=3,789) were significantly older, more likely to be
female, were more likely to have a prior DNR order in their hospital records, and were more
likely to have a medical history of several important comorbidities compared to those
transported by other means (n=1,505) (Table I). Patients transported by ambulance to greater
Worcester hospitals were less likely to have complained of chest pain, left arm or shoulder
pain, or back pain at the time of hospital presentation, but were more likely to have
complained about shortness of breath, and have a different physiologic and laboratory
profile. Patients transported by ambulance were more likely to have had a previously
diagnosed MI and sought medical care on the weekends and in the early morning hours as
compared to patients transported by other means (Table I).

In a similar manner, we examined the characteristics of the 1,325 patients with STEMI who
were transported by ambulance as compared to the 545 patients who were transported by
other means (Table I). Similar to the overall study population, patients with STEMI
transported by ambulance were older, were more likely to be women, have a previous DNR
order in their medical charts, experience different symptoms of AMI, have various
comorbidities present, have been previously diagnosed with an AMI, and have a different
physiologic profile at the time of hospital presentation than patients who were not
transported by EMS.

Among the 1,643 patients undergoing PCI, the median time to the receipt of PCI was
significantly shorter in those transported by ambulance as compared to those transported by
other means (11.0 vs 20.6 hours) (p<.01).

We carried out a logistic multivariable regression analysis for purposes of identifying those
demographic, situational, medical history, and clinical factors that were associated with
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EMS use, separately in the total study population and in those hospitalized with an STEMI
(Table I1). The results of this multivariable analysis showed that patients transported by
EMS were significantly more likely to be older, nonwhite, female, have a prior DNR order
in their medical charts, complain of diaphoresis at the time of hospital presentation, have a
history of heart failure or stroke, present with an STEMI, have significantly lower blood
pressure values, but higher serum glucose findings, and be hospitalized at all central
Massachusetts hospitals in 2003 and in 2007 (Table I1). On the other hand, patients who did
not complain of chest pain, abdominal pain, or arm/shoulder pain, who did not have a
history of diabetes, or who did not experience their symptoms of acute coronary disease
between 6 in the morning and 6 at night were significantly less likely to call for an
ambulance than respective comparison groups.

Similarly, in examining factors associated with calling for an ambulance in patients with an
STEMI (Table I1), patients with STEMI transported by ambulance had a relatively similar
demographic, clinical, and situational profile to that of our overall study population, though
fewer factors were significantly associated with calling for an ambulance or not.

Since the presence of a prior DNR order was strongly associated with EMS use, and is
strongly linked to patient's prognosis, we also carried out a sensitivity analysis for purposes
of characterizing factors associated with utilizing EMS restricted to persons without a DNR
order. The results of this regression analysis, in which similar demographic, clinical, and
situational factors were examined in relation to EMS use, were relatively consistent with our
findings in the total study sample and in the subgroup of patients with STEMI (data not
shown).

Treatments Received During EMS Transport

Beginning in 2003, information on medications administered to patients during EMS
transport was collected in our surveillance study as this information had not been previously
collected. Among the 1,845 patients transported by EMS in 2003, 2005, and 2007, the most
frequent medications given during EMS transport were nitrates (47%), aspirin (42%), and
diuretics (9%). A small proportion of patients received beta blockers (3%), and anti-
arrhythmic agents (3%), and fewer than 1% received calcium channel blockers and ACE-
inhibitors/ARBs. Among the 543 patients with an STEMI, nitrates, aspirin, and diuretics
were administered to 58.9%, 57.1%, and 6.6% of these patients during EMS transport,
respectively.

Beginning with new data collection efforts in 2005, we collected data on whether ECG's
were performed during ambulance transport. In 2005 and 2007, 1,099 patients were
transported by EMS and 26% (n=291) of these patients had an ECG performed during
hospital transport. Patients who had an ECG recorded during transport were more likely to
receive the following pre-hospital medications during transport compared to patients who
used EMS, but did not have a pre-hospital ECG obtained: aspirin (65% vs. 38%), beta
blockers (9% vs. 2%), and nitrates (63% vs. 45%) (p<.05). Patients who had an ECG
performed en route to greater Worcester hospitals were also more likely to have undergone a
PCI during hospitalization (57% vs. 43%), and to have undergone their PCI in a more rapid
manner (19 hours vs. 36 hours), than patients in whom an ECG was not performed.

Discussion

The results of the present longitudinal study demonstrate that nearly three quarters of the
residents of this large central Massachusetts community who were admitted to the hospital
and ultimately diagnosed with an AMI were transported by ambulance during the years
under study; this high level of utilization of EMS was observed in all patients hospitalized
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with AMI as well as in those with an STEMI. Increases in the use of EMS by all patients,
and by those with STEMI, were observed between 1997 and 2007. Patients arriving to
greater Worcester hospitals by ambulance had different demographic and clinical
characteristics than patients transported to all central Massachusetts medical centers by other
means.

Avrrival to the hospital by EMS allows for the use of effective pre-hospital treatments,
decreases delay to the receipt of important hospital-based therapies, and enables critically ill
patients to be more effectively identified and treated in the emergency department (8).
Despite the benefits from being transported to the hospital by trained pre-hospital providers,
the use of EMS by patients with acute coronary disease may be less than optimal (15-18).

In the Atherosclerosis Risk in Communities Study, which was conducted in 4 large U.S.
communities between 1987 and 2000, the use of EMS increased from 37% in 1987 to 44%
during 2000 (15). Data from the National Registry of Myocardial Infarction showed that,
between 1994-1998, approximately one half of patients hospitalized for AMI used EMS,
with no significant changes in the use of EMS noted over the limited number of years under
study (16). In a recent report from a large national cardiovascular disease registry, EMS
transport was used by only 60% of patients with STEMI treated at 372 U.S. hospitals
between 2007 and 2009 (18). In a previous report from the Worcester Heart Attack Study,
approximately 7 out of every 10 greater Worcester residents hospitalized with AMI at all
central Massachusetts medical centers between 1997 and 2003 activated the EMS system
(9). The present study expands upon this prior report, demonstrating the slightly higher use
of EMS among residents of the Worcester metropolitan area during more recent study years.

The utilization of EMS among greater Worcester residents hospitalized with AMI is
relatively high compared to other previously published reports (15-18). An urban
environment and proximity to large teaching hospitals have been previously associated with
increased EMS use and these characteristics may be playing a role in the greater Worcester
community. Another possible explanation for increased EMS use, particularly in the most
recently hospitalized cohort, may be the implementation of universal health care coverage in
Massachusetts in 2006. Other possible explanations for this higher utilization include
patients hospitalized during a more recent period under study compared to prior
investigations, greater patient familiarity and previous positive experiences with the local
EMS, education by local primary care physicians and cardiologists about the benefits of
hospital transport by EMS, or that a greater proportion of our study population was
comprised of individuals that have been shown to be more likely to use EMS, namely the
sick, the elderly, migrants, and the poor (16,19).

Despite encouraging increases in the use of EMS by greater Worcester residents during the
years under study, approximately one quarter of central Massachusetts residents with AMI
did not utilize EMS. These patients, by definition, could not receive pre-hospital ECG's and/
or various treatment modalities en route to the hospital or have communication between
EMS personnel and local hospitals. Previous studies have shown that, despite intensive
community-based interventions and ongoing attempts of education of the general public,
pre-hospital delay times have not significantly improved over time. Further increases in the
utilization of EMS may be required before the average, as well as distribution of, pre-
hospital delay times for patients experiencing signs and symptoms of acute coronary disease
in the broader community setting can be improved upon.

Several prior studies have shown that patients with acute coronary disease who use EMS
tend to be older, women, and have different racial characteristics in comparison to self-
transported patients (16,17). On the other hand, conflicting findings have been reported on
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the symptom profiles and socioeconomic status of those using, compared to those not using,
EMS (15,16,19). In the large multi-site national cardiovascular disease registry, STEMI
patients who used EMS were significantly more likely to be older, women, were more likely
to have government funded insurance, and were more likely to be hemodynamically
unstable compared to STEMI patients who did not arrive at participating hospitals by
ambulance (18).

The results of our study are consistent with these reports in showing that patients transported
by ambulance tended to be female, older, of non-white race, and more ill than those using
other means for transport (15,20). The finding that EMS users were also more likely to have
a DNR order in their medical charts further supports the notion that users of EMS are in
general more ill and elderly than those who use private transportation.

The present findings may help inform community-based educational efforts which are
needed to not only identify patients who may be less likely to call for an ambulance in the
setting of AMI symptoms but also to identify at risk groups, such as younger patients with
AMI, who would benefit from this means of transport. Enhanced regionalization of the
Worcester EMS system may have led to not only increased use by greater Worcester
residents but may eventually prove to be effective in improving treatment times for the
elderly, minorities, and women. Indeed, STEMI treatment times have been shown to
improve in vulnerable patient subgroups of women, the elderly, and minorities through the
use of a coordinated regional treatment protocol throughout North Carolina which included
EMS transport (21). Health care providers and patient advocates need to encourage patients
to both respond in a timely manner to the symptoms of AMI and to do so by calling 911.
Patients with STEMI who were transported by ambulance have been previously shown to
have shorter delays in symptom onset to arrival time and door to reperfusion time in
comparison with self-transported patients (15).

Though emergency medical technicians are able to begin treatments in transit, relatively
little is known about the treatments provided by EMS in the broader community setting. In
the present study, the most common medications given en route to the hospital were nitrates
and aspirin; this is likely due to these medications being part of a standard protocol for
emergency medical technicians. However, while these medications were frequently given,
their overall use was less than optimal.

Partial explanations for the suboptimal treatment of these patients may be that aspirin is
usually administered when chest pain or angina is present and patients transported by EMS
were less likely to have chest pain present. It may also be that since there was a higher
prevalence of diabetes in patients transported by EMS, as well as older and potentially more
cognitively impaired patients, that these patients were less apt to feel or report pain and be
less aggressively treated. Moreover, some knowledgeable patients may have already taken
certain medications for their acute symptoms, such as aspirin, prior to EMS arrival without
the need for additional medications en route to the hospital or documentation of recent acute
aspirin use by EMS personnel.

While the importance of obtaining a pre-hospital ECG is both well-established and
recommended (8), the frequency of pre-hospital ECG's has remained low in our central
Massachusetts community. The ACTION Registry reported that approximately one quarter
of patients transported by EMS received a pre-hospital ECG in 2007 (22), and the results of
our study are consistent with the findings from this national registry. Early ECG findings
have only been shown to be effective in decreasing the time to angioplasty and coronary
reperfusion when combined with the activation of an AMI hospital management team
(23,24). The low overall use of pre-hospital ECGs in our study may be indicative of
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technology limitations in our local EMS system, or it may also be that the elderly patients
transported by EMS in the present study had more non-specific symptoms which were less
likely to result in the acquisition of a pre-hospital ECG. Further studies are needed to
understand the barriers to having ECGs performed during hospital transport and whether
new protocols can help improve the frequency of pre-hospital ECG's in the community and
their transmission to emergency department physicians.

The strengths of the present study include its population-based design, its large sample of
patients hospitalized with independently validated AMI, and its decade’s long perspective.
Our study has several limitations, however, that must be kept in mind in interpreting the
present study results. Possible changes in the incidence rates of pre-hospital sudden cardiac
death may have contributed to the findings observed and changed the case-mix of patients
hospitalized with AMI. This study was unable to determine the reasons why patients chose
to activate the EMS system and about the correctness of interpretation of their signs and
symptoms of acute coronary disease (24,25). We studied predominantly Caucasian patients
and our findings may lack generalizability to other racial or ethnic groups or to other EMS
systems in communities throughout the U.S. Finally, we did not collect information about
patient's educational or financial status, perceived severity of their acute symptoms, or prior
ambulance use to examine their association with current EMS use.

In conclusion, the results of our study in residents of central Massachusetts suggest that
there have been modest increases in the use of EMS by residents of this large metropolitan
area hospitalized with AMI. However, the use of pre-hospital ECG's and treatment by EMS
personnel has been modest. Several high risk groups, such as younger patients with AMI,
also utilized EMS at less than optimal levels. Future studies should attempt to more fully
explore and characterize the reasons why patients do not call 911 in the setting of an acute
cardiac emergency, including patient fear, denial, embarrassment, reluctance to burden other
family members or their providers, and lack of awareness of the benefits of EMS transport.
Moreover, more novel educational interventions need to be designed to reduce the time lag
between patient's symptoms of acute coronary disease and the receipt of definitive medical
care. Efforts such as the American Heart Association's Mission: Lifeline initiative should
continue to be encouraged with concomitant increases in the number of patients who receive
timely access to coronary reperfusion, in part due to enhanced patient recognition of acute
coronary related symptoms and activation of EMS (26).
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Table Il

Factors Significantly Associated With Utilization of Emergency Medical Services in Patients Hospitalized
With Acute Myocardial Infarction (AMI)

Total Population Patients With ST Segment Elevation AM|
Characteristic: Adjusted O.R. 95% CI Adjusted O.R. 95% CI
Age (years)
55-64 1.59 1.28,1.98 1.31 0.95,1.81
65-74 1.89 1.52,2.36 1.44 1.03,2.02
75-84 277 2.20,3.48 2.36 1.62,3.44
285 4.12 3.11,5.47 2.95 1.74,4.99
Male 0.73 0.63,0.84 0.74 0.57,0.96
White 0.78 0.62,0.96
Prior DNR order 1.78 1.18,2.66
Symptoms
Chest pain 0.75 0.63,0.89 0.67 0.48,0.95
Abdominal pain 0.77 0.60,0.99 0.59 0.38,0.92
Arm/shoulder pain 0.75 0.61,0.91 0.58 0.43,0.79
Diaphoresis 1.49 1.28,1.73 1.39 1.10,1.77
Medical History
Diabetes 0.77 0.65,0.92
Heart failure 1.54 1.27,1.87
Stroke 1.33 1.06,1.66
AMI Characteristics
STEMI 1.30 1.11,1.52 - -

Physiologic findings (at hospital admission) Systolic blood pressure (mmHg)

100-119 0.98 0.74,1.29 0.95 0.60,1.50
120-139 0.80 0.62,1.03 0.72 0.47,1.11
140-159 0.63 0.48,0.82 0.54 0.35,0.84
2160 0.45 0.34,0.60 0.30 0.19,0.49

Laboratory findings (at hospital admission) Serum glucose (mg/dl)

120-139 0.99 0.82,1.20 0.87 0.63,1.19

140-159 1.13 0.91,1.42 1.18 0.81,1.71

160-179 1.61 1.24,2.09 1.43 0.93,2.20

180-199 141 1.04,1.92 1.25 0.77,2.03

2200 171 1.38,2.11 1.53 1.05,2.24
Study Year

2003 1.37 1.10,1.72 1.46 1.01,2.12

2007 1.46 1.13,1.88 1.97 1.24,3.14
Time of Day

Morning 0.70 0.57,0.86

Afternoon 0.69 0.56,0.85
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*

referent groups age<55 years, female, non-white race, absence of a prior DNR order, absence of selected acute symptoms, absence of selected
comorbid conditions, Non-STEMI, weekday, systolic blood pressure <100 mmHg, serum glucose <120 mg/dl, study year of 1997, 12:00 a.m —
5:59 a.m.
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